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Two respiratory syncytial virus glycoproteins, F and G, which differ substantially in the amount of
glycosylation were used as antigens in an enzyme-linked immunosorbent assay to determine immunoglobulin
G (IgG) subclass titers in 30 experimentally infected healthy adults. The titers of antibodies to the F
glycoprotein achieved in postinfection sera were highest in the IgGl subclass, whereas those to the G
glycoprotein were highest and comparable in the IgG1 and IgG2 subclasses. The high IgG2 response to the G
glycoprotein suggests that it is seen by the immune system as a polysaccharide antigen, a hypothesis consistent
with its large carbohydrate content.
Respiratory syncytial virus (RSV) has two virion mem-
brane glycoproteins (F and G) that are the major protective
antigens of the virus (5, 17, 23-25). The F (or fusion)
glycoprotein has an estimated molecular weight of 70,000
and has the structure of a typical paramyxovirus fusion
glycoprotein (2, 4). The G glycoprotein has a molecular
weight of 90,000 estimated by sodium dodecyl sulfate-
polyacrylamide gel eletrophoresis (17, 25). The unglycosyl-
ated G protein, however, has a molecular weight of only
32,500, suggesting that the carbohydrate content of this
glycoprotein might be substantial. Since the immunoglobulin
G (IgG) response to carbohydrate antigens is typically from
the IgG2 subclass and the IgG response to protein antigens is
typically from the IgGl subclass (19), a difference in IgG
subclass antibody responses to these two glycoproteins
might exist. We have found previously that the IgG subclass
responses in infants and children less than 2 years of age
undergoing primary RSV infection are mainly in the IgGl
and IgG3 subclasses, which is the pattern typical for viral
protein antigens (22). The absence of a significant IgG2
response to the heavily glycosylated G protein in these
young patients could be due to immunological immaturity of
the IgG2 system, which develops at a slower pace than those
of IgGl and IgG3 (15). To address this question further, we
tested IgG subclass titers to F and G glycoproteins in sera of
adults experimentally infected with RSV.
The sera used in this study were obtained from 30 unse-
lected adult volunteers who were inoculated intranasally
with wild-type RSV and shown to be infected as indicated by
recovery of RSV (12). The enzyme-linked immunosorbent
assay for detection of subclass antibody responses to the
purified F and G glycoproteins was performed as previously
described (22).
The volunteers consisted of a group of 14 adults from
whom both pre- and postinfection samples were available
and a second group of 16 adults from whom only postinfec-
tion samples were available. In the group of 14 volunteers,
the geometric mean postinfection antibody titer to the F
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glycoprotein was highest in the IgGl subclass (1:2,100),
followed by IgG2 (1:390), IgG3 (1:119), and IgG4 (1:66)
(Table 1). The postinfection antibody titers to the G glyco-
protein were almost equivalent in terms of IgGl (1:1,159)
and IgG2 (1:1,280) antibody titers and were lower for IgG3
(1:290) and IgG4 (1:27). The ratio of the mean IgGl and IgG2
antibody titers to the F glycoprotein was 5.4, which was
significantly higher than that to the G glycoprotein (0.9) (P <
0.005; Student's t test). The preinfection levels of subclass
antibody, which are the consequence of several previous
RSV infections, were also analyzed and revealed similar
results (data not shown). An additional observation in this
group was that, whereas none of the volunteers developed a
four-fold or greater rise in complement-fixing antibody titer,
10 of the 14 adults had a significant rise in response to one of
the RSV membrane glycoproteins in at least one of the IgG
subclasses (data not shown). In the second group of 16 adult
volunteers, only postinfection IgGl and IgG2 antibody titers
were measured for comparison with the first group (data not
shown). The ratio of the mean IgGl and IgG2 antibody titers
in response to the F glycoprotein was 2.2, whereas that in
response to the G glycoprotein was 0.4 (P = 0.005; Student's
t test). The IgGl/IgG2 postinfection antibody titer ratio was
approximately six-fold higher for the F glycoprotein com-
pared with that for the G glycoprotein in both groups tested.
These results contrast sharply with our previous study of
IgG subclass antibody responses to RSV glycoproteins of
infants and children, whose predominant responses to both
RSV glycoproteins were from the IgGl and IgG3 subclasses.
The pattern of IgGl and IgG2 responses of adults to the RSV
F glycoprotein was similar to that of adults to the purified
influenza hemagglutinin glycoprotein; in this instance, the
IgGl/IgG2 ratios of postinfection or postvaccination sera
were 18 and 36, respectively (21). In contrast, the pattern of
IgG subclass titers to the RSV G glycoprotein, with an
equivalent or slightly higher level of IgG2 antibody, differed
from that of the F and hemagglutinin glycoproteins. This
IgGl and IgG2 ratio of near unity was a consequence not
only of a lower IgGl titer but also of a raised IgG2 titer
(Table 1). This pattern of nearly equivalent levels of IgGl
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TABLE 1. IgG subclass antibody responses to RSV F and G glycoproteins of 14 adults experimentally infected with wild-type RSV
Subclass response
IgGl IgG2 IgG3 IgG4
RSV % Patients % Patients % Patients % Patients
glyco- Titer' with Titer' with Titer' with Titer' with
protein -4-fold -4-fold -4-fold -4-fold
rise in nse in rise in rise in
Pre- Post- antibody Pre- Post- antibody Pre- Post- antibody Pre- Post- antibody
infection infection titer infection infection titer infection infection titer infection infection titer
F 1,560 x/÷ 1.22,100 x/. 1.2 21 476 x/- 1.5 390 x/÷ 1.6 7 98 X/. 1.6119 X/I 1.7 21 59 x/. 1.666 x/I 1.6 21
G 640 x/. 1.2 1,159 x/. 1.3 43 707 X/- 1.41,280 X/- 1.3 36 88 X/. 1.6290 X/. 1.7 57 27 x/I 1.727 x/. 1.8 7
' Reciprocal geometric mean titer x/+. standard error of the mean.
and IgG2 antibodies was demonstrated recently in humans
for a polysaccharide antigen (teichoic acid) (6).
Previous studies examining the IgG subclass response to
viral antigens have all shown that antiviral antibodies are
mainly from the IgGl, and sometimes from the IgG3, sub-
class (1, 7, 8, 10, 11, 13, 16, 20, 22). In contrast, the response
to bacterial polysaccharide antigens appears to be primarily
from the IgG2 subclass (18). The present study is the first
one demonstrating a high level of IgG2 antibody to a viral
antigen. The mature immune systems of adults presumably
allow them to recognize the uniquely glycosylated G glyco-
protein with antibody from the IgG2 subclass.
We suggest the following explanation for the IgG2 re-
sponse to the G glycoprotein. The RSV F, G, and influenza
hemagglutinin glycoproteins each contain N-linked carbohy-
drates, but only the G glycoprotein has O-linked carbohy-
drates. It is unlikely that the N-linked sugars are seen as
antigenic structures by the host in which they are generated
because they are large di- and triantennary structures whose
composition is similar to that of host N-linked glycoproteins
(9). The relative amount of N-linked carbohydrate to protein
is also comparable for each of the three glycoproteins. It is
therefore unlikely that the IgG2 response is directed at
N-linked carbohydrate antigens of the G glycoprotein. If
carbohydrate is indeed the antigen to which the IgG2 re-
sponse is directed, then it is likely to be the O-linked
carbohydrates which are presumed, but not proven, to
constitute a large percentage of the G glycoprotein (17, 25).
O-linked carbohydrates on viral protein are generally in
short chains containing about four sugar residues attached to
serine and threonine (17, 25) and might be recognized as
unique antigenic structures in which a combined protein-
carbohydrate moiety is seen as an epitope. Unfortunately,
little is known about the immunogenicity and antigenicity of
O-linked carbohydrates. It is also possible that only the
protein backbone of the G glycoprotein is seen by the IgG2
antibody and the presence of the large quantity of carbohy-
drate simply directs the IgG subclass choice to the IgG2
heavy chain. Since virus proteins of herpesviruses and
coronaviruses also contain O-linked sugars (3, 14), it might
be possible to test the hypothesis that IgG2 antibodies are
directed at O-linked carbohydrate-protein antigens on these
proteins by examining the IgG subclass responses to these
viral antigens.
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